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.  Introduction 


,  .  Re-ferent  i  al  coherence 


^ T s r,  0 . 3 c c* u r  s e  a “■  5  c e r  t e  '  to  c j r  u n d e r e  t a n c *  r g  3  *  t  “  e  j  3 e  0 t  . i * t  - 1  a  . 
joc^irge  ; -i  ccmriU'":  i  :at  i  on  .  O-f  tr.e  rr’anv  -factors  that  ccrtr  dits  t  :■ 

CO"  e' enc-^ ,  ‘ne  mcs-  concrete,  obv'ous  arc  - -s^uu  i  ed  is 
'e  +  erential  coherence.  It  in":.'  -33  *•?  n  tr  cdcc  t  • 'On  , 

•e-  - 1"  coo  c  * ;  or  ,  .  cer  t : -f ,  cat  i  O'.  arc  fa:i  ."c  0*  referents  ir 

c  3 : "  c "  0  0-  j  e  c  t  r  c  I  e  3  n  c  ■  a  c  s  e  s  .  ■  “  e  .  t  s  p  o  s  -s ,  w  ■  e  t  w  st-j.-  - 

j -  j ;■  a r I  a '  ccne'"-ence  in  .  sol  at .  d,".  ,  tne  e-ttect  o^t  etna'"  c-oiTiperer; ts  o-*- 
■’scc-ijnse  conerence  or  the  pr.ocesE  "c  re  +  erents  'isee  e.g.  Anderson, 
’afod  L  San -ford,  l  Sg3)  a  ^  sc  -Tnjst  Ce  cons  derec. 


n  i,  iC  z e  ;  . 


'-arer''ia'  ccrie''-ence  in  .sol  at.  on,  tne  e 


.2.  Grammatical  devices  used  in  anaphoric  re-ference 

In  a  -ecent  series  quant;-*. ec  te:t  stj-d-ee  r..'c...y.ng  Tiarr---' 
arguag-as  '■  2er  dvz-,  ;  "6  .  TSSw-j  3,vC-n,  ; ‘5:32.-:  al  :  Fa--'ne,  19-35;  ~c.t, 

>'3c:  inter  alia.  t  ..as  sroi-.-.n  trat  tne  .orarr.fTiat  :a.  ce'ices  usee 


re-*e"e"  t  den  *  ,  ■* .  ca  t ;  on 


s-  L  u  *  r  tf  C 


5.  r«  D  *  z  c  5 !  &  c  o.  c  c  u  “  u  '  “  9  t  c 


rie  predictability,  accessibility  or  continuity 


;  r.  c  \  sco-.^ 


r.  •!*  *  e  c  t  e  :  r. 
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Factors  a-f-fecting  re-ferential  predictability 


.  i  ..  wengtn  ct  absence  o*  :r::-  reteren *  •frc-rri  ar  a':t:';e 
c  i  s  c  c  u  r  s  e  !  1  e  »  a  ”  e  *  e  c  t  that  i  s  p  n  e  s  j  ,t*  c  >■  dee 
to  some  *.acet  o+  merriO'''.  peca/! 

■■  I  >  F  0 1  e  n  t  i  a  1  i  n  t  e  r  -f  e  r-  e  n :  e  -f  '■  om  ether  r  e  -f  e  r  e  n  t  =.  yj  (  t  h  i  n 
the  :  mmed  I  a  t  e preceding  discourse  env.rcnmenti 
'  i  .  ;  >  Semant.c  in-formation  -from  .ns  de  the  clause,  in  term 
o-f  sema.n  t  i  c-se  I  ec  T I  onal  restr  .  c  t  i  ons ,  %rr.c‘i  may 
contribute  to  d  i  same  . -cc  at  i  on  ; 
i.iv'  Thematic  i  n-f  crmiat ;  on  from  higher  or  gan  i  cat ,  ona - 

'eueis  ot  the  discourse,  n'r.ch  may  also  con  tr,  cute 
to  di sambi guat i or  . 


Re-ferentia!  distance:  r’essured  trom  the  l.ast  occurrence 
■  n  tne  cnececing  d'Sccurse  t  i  n  number  o-f  clauses  to 
the  lett,)- 

i  Re-ferential  complexity:  ^.n  assessment  c-f  tne  number 
■Cr  semart  cal  '  compatiCie  ncrTi  "  a  ■  s  in  the  imm.ec  ■  a  te  i 
prececing  .ciscoyse  -,3  c'ausest. 

esults  ct  both  (Tieasu'es  ranK-orser  the  "cst  commor  anaoncr 
erence  devices  *;'ijnd  ir  gram, mars  as  -tel  lews: 


most  predictable/accessible/continuous  core-ference 

•a.  zero  anaphora 

0.  ar.aphc' .  .rstressed  crorouns 

c.  c.cntr  ast  ■  s'e.' stressed  pronouns 

d .  ce  + : n I te  nouns 

e  .  ■  e  s  t  r  1  c  t  •'  e  1  ■>  -m ;  -  :  *  r  d  de  1 1  n  i  t  e  nouns 

least  predictable/accessible/continuous  coreference 


soe:  *  .  •.  anaphoric  pronouns  .gere  sr.cwn  to  oe  usee  ;  r, 

::ys'.-  .  tn  an  average  ’■  e-^e- er  t  i  a ;  distance  -o-^'  1.0  clauses  an 
;  e  ■  ■  low  referential  :  omp  1  ex  ,  t  .•  o--^  the  directly  orececing 
-j.nme.nr,  J n  cen'rast,  definite  nouns  tended  to  e.xhit;:  an 
age  'eferen  t'ai  d.  stance  of  10.0  clauses  and  reia*ivei-' 

1  'e-e'ential  c  omip !  e^  t  •'  o-^  the  d.rectiy  presec  "g  en  -  rcnrrier, 
:  S'-  cu*  cnal  pat'iems  suggest  tnat  arapnoric  prcr,.::.-s  ma 
er-ec  i-or  s.pra'’  rg  coref erence  over  short  reterential  gaps 
-i*a-fn-:;al  esro'exity.  On  the  other  hand,  *ul'  de-f:-  t 
ce  "c-e  e^^f  e  er, *  anaphoric  devices  -ror  s  gral'  rg 
e  O'e-  erg  re  +  erenr.al  yaps  and  f-or  h  i  g-  ra*ersrtra 
.  -y'rer.  Tom'  -  has  shoi.-gn  chat  de-t.--  :e  r 

;'tC  :  S'  pr  i  a:  poi-ts  of  ma:cr  thematic  discontinuity 


I 


nouns  when  thematic  continuity  is  .  sh .  Int  may  thus  wish  to 
conclude,  tentatively,  that  anaphoric  pronouns  are  more  e+ticient 
re-ferentiai  devices  in  discourse  contexts  ot  high  informational 
predictability,  while  definite  nouns  are  more  efficient  devices  in 
discourse  contexts  of  low  informational  predictability. 


l.o.  Grammar  as  an  automated  language-processing  device 

Grammatical  devices  —  such  as  rigid  word  order  or  morphology  — 
may  be  viewed  as  routinised,  or  automated,  strategies  that  sceed  up 
the  processing  of  linguistically  coded  information.  There  exists,  :r 
fact,  a  pre-grammat  i  cal  rriode  of  language  processing,  used  in  early 
childhood  or  early  second-language  acquisition  ( P i dg i n i cat i on ) .  This 
less,  rout  in  iced  processing  mode  can  be  compared  with  the  fully 
grammaticized  native/adult  language  along  the  following 
socio-functional  dimensions  (see  6iv6n,  1979,  ch.  5;  Givon,  1982): 

:2.;  PRE-GRrtMMATICIZED  MODE  GRAMMATICIZED  MODE 

(unrout  I  n  i  zed)  (rout  i  n  i  zed.) 


a.  Slower  processing  speed 

b.  Higher  uncer ta i n ty/amb i gu i ty 
of  the  communicative  context 

c.  A  society  of  intimates 

d.  Greater  shared  oackground 

e.  Lew  soc I  0-1 nf ormat i onal 
comp  1  ex  i  ty 

.  Greater  reliance  on  context 


Faster  processing  speed 
Lowe r  u n c e r  t  a i n  t y/ amb i gu 1 1  y 
of  the  commun  i  cat  i  ve  con  te.x  t 
A  society  of  strangers 
Smaller  shared  background 
High  soc i 0- inf ormat i onal 
compi ex i ty 

Lesser  reliance  on  context 


In  assigning  coreference  in  discourse  processing,  one  woulo 
obviously  expect  factors  such  as  those  listed  in  (1)  above  to  exert 
their  influence  somewhat  independently  of  grammar.  Nonetheless,  if 
our  hypothesis  about  grammar  as  an  au tomated/r ou t i n i zed  processing 
iTiode  IS  correct,  one  ought  to  be  able  to  measure  the  effect  of  grammar 
itself  during  referential  processing,  when  tne  factors  listed  ,n  v  1 
are  held  constant.  The  series  of  experiments  reported  here  purport  to 
measure  such  effects.  In  the  experimental  psycnology  literature,  the 
difference  between  attended  and  unattended  ('automated,  routinized  ) 
processing  has  been  studied  at  many  levels  of  cognition,  neurology  ano 
motor-control  (e.g.  Keele,  1963;  Posner  £i  Marin,  1935;  Posner  & 
warren,  1972;  Schneider  &  Shiffrin,  1977;  Shapiro  &  Senmidt,  r?S2; 
Whitaker,  1983-'.  Our  study  thus  purports  to  assess  the  independent 
effect  of  grammar  on  the  processing  of  coref erence . 


( 


•  I 


2.  Methodological  considerations 


2.1.  The  measurement  of  mental  processes 

li 

In  attempting  to  understand  how  ref  erer.  t  >  i  rcher  e- cs  is 
achieved,  it  is  important  to  devise  wa/s  ♦or  rrieasurirg  covert 
mental  processes  that  take  place  curing  the  introcuct  or,  ano 

ki 
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re-introduction  o-f  re  +  erents  in  actual  text  processing.  There  are 
also  important  theoretical  reasons  in  both  psychology  and  linguistics 
tor  developing  such  measurements.  Two  basic  methods  have  been  used  in 
the  past  to  study  covert  attentional  processes: 

(a)  Measuring  the  time  required  to  per-form  a  certain  task; 

(D)  Measuring  the  capacity  required  to  perform  various  tasks. 

in  order  to  assay  the  time  spent  on  the  processing  o-f  text,  one  may 
measure  tne  rate  of  reading,  the  duration  of  fixation  on  a  single 
vvora,  or  the  time  required  -for  the  keypress  release  o-f  successive 
Aiords.  The  last  method  has  a  certain  advantage  in  yielding  a 
word-by-word  measurement  in  reading.  It  may  perhaps  also  have  certain 
0 i sadvan tages ,  in  that  it  is  not  the  natural  mode  of  reading. 

Existing  evidence  suggests  that  at  least  under  instructions  to  retain 
text  information  verbatim  this  measure  is  sensitive  to  di-fferent 
mental  processes  tAaronson  &  Ferres,  1983;  Just  and  Carpenter,  1930). 
Hovjever  ,  under  conditions  calling  -for  comprehension  o-t  gist,  the 
Keypress  method  may  be  less  sensitive  (Aaronson  fu  Ferres,  1983). 

Another  type  of  method  assays  covert  mental  processes  by 
inserting  a  secondary  task  in  which  the  subject  must  respond  to  a 
relatively  rare  probe  event  by  pressing  a  special  key.  While  this 
method  has  been  useo  in  many  studies  (see  Kerr,  1973,  -for  a  review), 
its  use  nas  been  con-fined  in  the  past  to  assessing  the  overall 
dit-ficulty  ot  text  passages,  but  not  the  mental  e-f-fort  required  -for 
the  processing  o-f  individual  lexica!  items.  In  this  work,  we  have 
combined  both  methods  in  order  to  ohtiin  a  more  detailed  picture  o-f 
the  mental  processes  involved  in  the  establishment  o-f  core-f erence 
auring  the  reading  o-f  text. 

Final  1/,  it  is  also  possible  to  measure  the  e-f-ficiency  o-t 
■arious  grammatical  devices  used  in  re-ferential  processing  by 
i  r  *err  upt  I  ng  the  reading  task  and  requiring  the  sub-^ect  to  make  a 
decision  that  re-flects  the  achievement  of  coreference.  In  one  of  the 
oresent  experiments,  we  asked  subjects  to  make  such  a  decision 
immediately  after  the  occurrence  of  anaphoric  grammatical  devices  of 
di-^ferent  Kinds.  Such  a  rtieasure  can  oe  used  as  an  independent 
ccntroi,  in  addition  to  its  intrinsic  value. 

In  the  experiments  reported  below,  we  measured  the  key  press  tiirie 
for  the  release  of  words  in  continuous  reading  of  text  passages.  The 
key  press  times  for  the  release  of  referential  words  —  pronouns  or 
definite  nouns  —  were  measured  in  the  presence  of  a  visual  probe; 
detecting  this  visual  probe  thus  constituted  a  secondary, 
attention-demanding  task,  involving  a  separate  key  press  from  which 
urobe  reaction  time  could  be  assessed  independently. 


2.2.  Text  frames 

The  discourse  frames  used  involved  highly  conventional  episodes 
c  scripts,  all  in'iolving  familiar  cul tural 1 y-ster eot/ped  scenes,  such 
as  'at  the  bank",  "at  the  store",  "the  piano  lesson",  "after  the 
treater",  "at  a  restaurant",  etc..  In  all  episoaes,  two  participants 
:ijer  e  iriuO'',’ea,  one  male,  the  other  female.  Sex-roles  were 
conventional;;.'  ara’-actyped,  and  the  gender  identit-  of  dcth 
cart  cipants  "jas  e  <  o  1  i  c  1 1 1  y  indicated.  This  was  done  so  that  when  the 


pronouns  ne'  or  she'  were  usea,  no  ambiguity  o-f  re  +  erence  would 
arise.  The  role  ct  doth  participants  in  the  "scene"  was  highly 
stereotyped,  given  general  cultural  conventions  associated  with  eacn 
scene/ep  I  sode .  This  was  done  to  insure  that  the  thematic  -frame  itsel-f 
would  exert  as  little  in-fluence  as  possible  toward  referential 
I  den  t  i -t  i  cat  I  on  o-f  either  o-f  the  two  participants.  Characteristic 
sample  texts  are  given  below  -for  each  experiment. 

3.  Experimental  method  and  results 

3.1.  Exper iment  1 
3  ...  I  .  Method 

3.1.1. ;.  Materials  and  design 

In  this  exper  ifTien  t  there  were  ten  short  story  theiires  that 
introduced  two  characters  (always  one  male  and  one  *eiria]e)  ana  ten 
that  introduced  a  single  character.  Six  di-f-ferent  versions  o-f  these 
stones  were  created  by  crossing  two  -factors;  re-ferential  distance  (0 

or  5  clauses  between  subsequent  re-ferences  to  a  character)  and 

anaphoric  device  (the  type  o-f  anaphor  used:  an  identical  noun,  a 
pronoun  or  an  epithet),  rtll  o-f  the  single  character  stories  and  the 
two  epithet  versions  of'  the  dual  character  stories  served  as  -filler 

material  to  increase  the  variety  o-f  materials  presented  to  subjects 

and  to  reduce  expectancy  e-ffects.  All  o-f  the  exper  imental  paragraphs 
were  two-character  stories  ana  introduced  the  characters  within  tne 
-first  two  sentences  o-f  the  story.  The  next  -five  clauses  continued  to 
discuss  only  one  o-f  the  two  characters  introduced.  In  one  type  ot 
exper  imen  ta:  paragraph,  the  last  sentence  used  either  a  pronoun  of-  a 
noun  tnat  was  identical  to  the  one  used  in  the  -first  sentence  to  re-fer 
to  the  main  character  —  the  one  rs-:  oned  in  the  intervening  clauses. 
This  created  a  story  with  a  one-clause  re-ferential  distance  between 
the  last  mention  o-f  the  re-ferent  and  the  subsequent  use  o-f  the 
anaphor.  In  the  other  type  o-f  experimental  paragraph,  the  anapnor  in 
the  last  sentence  re-ferred  to  the  secondary  character  o-f  tne  stcrv  — 
the  one  not  rrientioned  in  the  interverir.g  clauses.  This  •'ariation 
created  a  story  with  a  -five-clause  referential  d' stance. 

atner  versions  o-f  the  two-character  stories  served  as  -filler 
material  and  di-f-fered  only  in  the  type  of  anaphor  used  i  .n  the  last 
sentence.  As  in  tne  exiper  imental  paragraphs,  the  anaphcrs  rtiight  refer 
to  eifner  of  the  two  characters,  but  instead  of  using  ar  identical 
noun  or  a  pronoun  to  refer  to  the  characters  these  filler  paragraphs 
usea  other  nouns  such  as  'mar.'  or  ivoman.'  These  were  called 
"epitnets'  in  this  study.  All  of  the  s'ngle  cnaracter  stories  iMere 
•filler  paragraphs,  and  their  form  followed  a  pattern  similar  to  the 
?  I  per  ,  rTien  tal  paragraphs.  The  first  sentence  introduced  only  one 
character,  and  the  subsequent  sentences  d.scussed  material  unrelated 
to  the  charac*er  i  r  tr-cd'jcscl  ■  The  last  sentence  then  referred  tacK  to 
the  character  using  either  a  pronoun,  an  identical  ncun  or  an  eoitret. 
Examples  tne  stimuli  are  presentee  in  '4^  oelow. 


’4'  Sample  text  passage  for  Experiment  1: 
a.  Two  character  frame 

THE  STAR  rushed  to  the  newsstand  to  get  first  crack  at  the  review 
of  the  show.  HER  MANAGER  rushed  right  behind  her.  he  reached  the 
newsstand  ^irst,  grabbed  a  paper,  tore  it  open,  scanned  it  and 
stopped  abruptly. 

: -CLAUSE  EliDINGS: 

■;  i  .<  Identical  Noun:  The  ^manager  . .  . 

'I  i  i )  Pronoun  :  *He  .  .  . 
ii  i .)  Epithet  'Ifiller):  The  ^man  . .  . 

...said  in  a  loud  u  o  i  c  e  :  “I  told  you  so ,  didn't  1"'“ 


5-CLAIJSE  ENDINGS: 


(i)  Identical  Noun:  The  *star... 

i  i )  Pronoun  :  *She  .  .  . 

(iii)  Epithet  (filler.):  The  *woman  . . . 

...said  in  a  loud  voice:  "I  told  you  so,  didn't  I'-"' 

D.  Single  character  frame 

the  farmer  drove  an  .jld  Ford  p'Ckup  to  haul  his  hay.  It  was  a 
classi:  Model-T  with  bent  fenders  and  a  rusted  top,  but  the 
engine  was  in  top  shape  and  purring  smoothly  even  under  a  heavy 
load  of  fifty  bales.  Near  tne  barn  gate... 

ENDINGS: 

Identical  Noun:  ...the  ^farmer... 

',11'  Pronoun  :  ...  *he  .  .  . 

’■III.)  Ep  i  tne  t  f  :  1  1  er .)  :  ...  the  ♦man  .  .  . 

...stopped  the  truck  and  stepped  down. 

Tne  different  •■ersions  of  the  t'wenty  paragrpns  were  distributed 
among  three  stimulus  lists  such  that  across  subjects  all  of  the 
oaragraphs  appeared  equally  often  with  identical  noun,  pronoun  and 
epithet  anaphora.  Each  list  contained  two  of  the  six  versions  of  each 
story  f'ame,  one  at  each  referential  distance,  such  that  an  equal 
number  of  one-  and  f i ve-c 1 ause-d i stance  paragraphs  occurred  in  each 
'ist.  Subjects  were  tested  witn  only  one  list,  so  within  a  testing 
session  subjects  saw  two  versions  of  all  paragraphs.  Uithin  each  of 
the  paragraphs  were  preselected  probe  locations.  Probes  always 
occurred  simultaneously  with  the  anaphoric  devices.  Half  of  the 
paragraphs  had  additional,  pseudcrandoml y  chosen  probe  sites,  wnich 
were  never  within  ten  words  of  the  experimentally  probed  locations. 
Contrc’  probes  appeared  in  the  same  locations  for  subjects  tested  with 
the  same  list.  Seven  practice  paragraphs  were  constructed  similar  to 
the  paragraphs  in  the  experiment  to  familiarize  subjects  with  tne 
*ask.  True/faise  comprehend i on  questions  for  each  story  in  the 
practice  trials  and  in  the  experimental  tr.als  were  prepared  in  a 
small  testing  booklet. 


f*  t  e  r  e  n  ' 
noun  '/ s . 


'.ri  5um,  the  design  of  this  experiment  was  a  2x2  +actoriai,  with 
ai  aistance  '>0  or  5  clauses)  and  type  o+  anaphor  •;  loentical 


pronoun.'  as  repeated  measures. 


5. : . I .2.  Subjects 

Tweive  indiuiduais  recruited  -from  the  subject  pool  of  the 
CognitiuP  Lab  at  the  Psychology  Department,  Uniuersity  o-f  Oregon, 
ser'jed  as  subjects  -for  this  experiment.  All  were  native  speaKers  ot 
English,  had  normal  or  corrected-to-normal  y ; s i on ,  and  had  no  apparent 
reading  disabilities.  Subjects  were  paid  $4.00  tor  par t i c i pa t . ng  in 
tne  one  hour  e..<  per  iment . 

3 . 1 . I . 3 .  Procedure 

Subjects  completed  the  practice  trials  to  familiarize  therriselyee 
with  the  exper  tmen  tal  procedure.  Each  sub.iect  was  tested  i  no  i  u  i  dua  1 1  ;> 
i-Mith  one  0+  the  stiriiulus  lists.  At  the  start  ot  each  trial  a  READY’ 
message  appeared  in  the  lower  let*  corner  ot  the  computer  monitor.  To 
begin  a  trial,  subjects  pressed  the  space  oar  on  the  computer 
-<ev’b’caro.  This  started  presentation  ot  a  paragraph.  Paragraphs, 
appeared  one  word  at  a  time  beginning  in  the  upper  lett  corner  ot  the 
screen.  The  words  '.'jere  presented  as  though  a  window  openeo  anc  closed 
across  the  page  to  reveal  successive  words  and  cover  previous  ones. 
Subjects  controlled  tne  presentation  rate  by  pressing  the  space  bar 
for  each  word.  This  method  is  similar  to  the  sequential  conoition 
used  0/  Kenned,'  and  Murray  <1934). 

E'Ubjects  were  instructed  to  read  the  paragraphs  at  their  noriTial 
f-eadin.g  rate  and  to  understand  the  stor  es  because  tneir  coiriprenens  i  on 
would  be  tested  a-fter  each  trial.  Subjects  were  also  in  +  ormed  ot  the 
possible  occurrence  o-f  probes  'i  a  -flashiriQ  square  ot  light)  that  woulo 
appear  at  the  top  center  o*  the  screen.  Whenever  a  probe  occurreo, 
subjects  ere  to  press  a  Key  as  quickly  as  possible  with  their  right 
nano  while  continuing  to  press  tor  words  with  tneir  le+t.  Thus,  while 
subjects  pressed  the  space  bar  with  their  left  hand  to  read  the 
stor  es,  they  reste'd  tneir  right  nano  or.  a  separate  xey  to  press 
■■■ihen-rver  s  probe  occurred,  ms  menticned  previousl-',  c.ne  probed 
'ocat'r.'s  were  pr  ece  t  erm  i  ned  tor  all  stcries.  When  subjects  responded 
to  a  probe,  it  disappeared  -from  the  screen.  When  subjects  reached  the 
end  ot  a  paragraph  the  computer  instructed  them  to  answer  a 
comp-ehen s ; on  question  that  corresponded  to  the  story  just  p  esented. 
‘Subjects  I'jene  given  as  rriuch  time  as  the,-  wanted  to  answer  the 
cbiTicrehens  1  on  questions.  When  they  had  finished  marking  their  answer, 
the.-  pressed  the  RET'dRM '  key  on  the  computer  ke/boaro  and  received 
the  PEmD’,''’  message  for  the  next  trial. 

StiiTiulus  Dresentation  and  data  collection  were  controlled  b,-  ar 
r^cple  11  P'u2  computer  system.  Ail  text  i.<jas  presented  in  uppercase 
'e'ters.  Paragraphs  were  presented  in  a  different  random  order  f.or 
each  Z'.bject.  Reaction  times  to  probes  and  reading  times  for  ea.;r, 

•  vcrc  1  n  t  e  r -k  e  ,v  pr  e  s  s  intervals'  were  ’■eco.'ded. 


m 


'jiiV. 


3. ; .2.  Resul ts 


3. -.2.;.  Comprehension  test 

The  subjects'  mean  percent  corr  ect  on  tne  comprenens I  on  test  was 
34/'..  It  thus  appears  that  the  subjects  were  reading  and  understanding 
the  stories  as  instructed. 

3. I. 2. 2.  Probe  reaction  time 

The  means  ot  the  subjects'  median  reaction  times  to  the  uis'ual 
or  odes  "  eson  ocroition  were  calculated  and  are  giuen  in  Table  I, 
below,  and  represented  graphically  in  Figure  1,  below.  Reaction  times 
are  e rpressec  in  milliseconds. 

TABLE  I;  I'-ledian  Probe  Reaction  Time  (in  msec.)  tor 
Pronouns  and  Hnaphoric  Detinite  Nouns  at 
1  and  5  Clause  Reterential  Distance 

REFERENTIAL  DISTANCE 


1 -clause  5-clause 

PRONOUN  534  644 

DEF-NOUN  567  5^*7 


'  C  CNT  R  0  L  PROBE:  620 


In  •.‘ese  results,  reaction  timies  'iRTs.'  tor  probed  pronouns  are  longer 
•nan  tor  the  probed  OEF-nouns.  In  terms  ot  sens  1 1 1  i  ty  to  changes  in 
reterential  distance,  the  probe  RT  tor  pronouns  seems  to  increase  with 
the  ncrease  in  reterential  distance  from  1  to  5  clauses,  while  the  RT 
tO'  DEF-nouns  seeiTiS  to  decrease  with  the  increase  in  reterential 
Oistance.  Ctatistical  analysis,  however,  indicated  that  none  ot  the 
ettects  r  e  t  er  e  n  t .  al  distance,  type  ot  anaphor  or  their  interaction..' 
is  sigriiticant  <F';l,Ili.'  =  .39,  2.39  and  1.9-  tor  the  three 

ettects,  respectively.!. 


GURE  I:  Median  ProDe  Reaction  Titrie  tor  PronD'jna  arc 
Anarphoric  Detinite  Nouni  at  1  and  5  Ciauee 
Reterential  Distance 


1-cIauS’?  n-eiaus-:-;; 

r r erent  i  al  D i  a  t  ■!! ic e 


Keypress  times  tor  probed  words 


o.,e;t=  mean  i  n  ter -r.eypr  ess  times  tor  pronouns  and  DEF-'O'jns 
"'  0  0  cause  r  e  +  e  r  e  n  t  i  a  ■  distances  are  o  i  v  e  n  t  n  a  b  e  I  .  r  Ci  c 
:■  d  y,"  aon  ;  c  a  I  1  /  .r  F.yure  II  beiow.  ''Je  !:st  the  keypress  t -m 
crcoea  reterential  aeuice  ’,n’,  as  l■•Jell  as  tor  tre  tajc  v'jor  ds 


SI-  T  O  i  '  L'l- 


'  rriust  strik  nq  result  here  is  the  ditterence  in  tre  peaks 
i.e.-press  times  tor  the  two  reterential  oet'ices.  For  pronoun 
cest  press  t  me  is  on  the  probed  pronoun  itselt  l n  1  .  In 
,  nor  ['“F-rouns  the  lonoest  p'ress  time  is  on  tne  word 
nq  the  pi-ooed  noun  in+n.  This  interaction  Detween  t.-'pe  o  + 
and  'uord  position  <n-2,  n-l  ,  n,  n+1,  n  +  2.>  was  sicr,  *icarit 
.j  =  2.-2;  p  O.Oi).  Statistical  analysis  a  iso  rec'ealed 
at-i-ec*  ot  I'jord  position  due  to  the  increased  t-.mes  arcunc  ■^r 


r  ;  C , :  1  0 =  4 . 6  J  ; 


e  e  ;  c  e  I"  I  men  r  re'ea’ed  no  s  i  on  i  ■- 1  c  an  t  ettect  ot  .ncreased 
tia!  d  stance  on  the  ke-press  t.mes  tor  eitr.ei-  pronouns  ; 
ns.  there  '.'las  no  n'leraction  between  r  e  t  e  r  s  r,  t  ■  ? ',  c  i 


i.'i as  no 


TmBlE  'v'II:  Median  Probe  Reaction  Time  tor  Anaphoric-[ 
and  Themat  i  c -DEF  Nouns  at  Di-^terent 
Peterentia!  Distances 


REFERENT !hL  DISTANCE 


CONDlTIOr-; 


! -CLAUSE 

10 -CLAUSE 

20 -CLAUSE 

-DEF 

710 

674 

697 

■DEF 

734 

6y8 

7‘J6 

irobe 

713 

677 

6S8 

Statistical  analysis  reueals  a  siQniticanl  main  et+ect  of  type  of 
■  ef  er  er,  1 1  ai  Ge'.'ice,  i.gith  anaphoric  DEF-nouns  ano  controls  showing 
faster  probe  RTs  than  therriatic  DEF-nouns  ‘.FCl.SS.i  =  7.35,  p<.02). 

The  effect  of  referential  distance  is  also  significant,  with  10-clause 
c  stance  RTs  being  faster  that  either  i -clause  or  20-ciause 
f.  C.'"..'  =  S.23,  p  i.  .05),  similar  to  the  U-shaped  pattern  for 

c^cc.r  orobe  R'^s  observed  in  E;,per  iment  3.  Tnere  is  no  significant 
■  t  e  ■  :  t  i  on  between  tvpe  of  referential  device  ana  referential 
distance  '  F  1 , 

3.-1. -.3.  Keypress  times  for  probed  words 

’"he  results  o*  tne  Keypress  times  for  the  various  conditions  are 


'-E-E  '.'ill;  Mean  ye.’press  T.mes  for  Hnaohor  i  c-DSF 
ana  Them.a  1 1  c-DEF  nouris  at  Different 
Referential  Distances 


WORD  POSlTiuN 


IC'MDl  T!  ijN 


h,'n-.=^iiORT  C-OE-  : 
1  -  r  I  au  se 
0- .s'js  e 
i  0  -  c  1  a  u  5  e 
THEMA'n  :-DEF : 

1 -c ! ause 
10 -cl ause 

^  J  -  C  ?  L  z  i 

CCrrRuL  FPGSE: 

1  -c 1 au  se 
10-c : ause 

2  0  -  c  1  a  u  s  e 


302  45;. 

300  42.t. 

441  45S 

411  5j3 


u3C  303 


“cr  an  at  ■,  c  r  I  ;  -  [  EF  n.ci^ns,  the  peak  ke. 


timis  aca.n  ac 


*  h  e  r  d  *  u  I  .  c  1 1  n  d  the  r  r  C'be  c  c  n  e  von  n  +  1  '  ,  Fu  r  t  h  e  r  .  tne  e c  r  e  s  s 
time  at  :.‘.e  I"*!.'  o:s  t,cn  grc'.js  shor^a'  iitn  tne  inc'ease 


'Jl  l  -  c  C  w'j  L  '  : 


'  j  -rt  k'  "i  :  C  «  I 


i  r;  r  e  =  =  t  -ti  h  t  - ; 


cr  'O 


Subjecti  were  rardoml  y  siSigned  to  ore  o-t  trree  groups,  with  esch 
qrouo  tested  on  on  i  >  one  ot  the  lists.  Halt  o-f  the  subjects  in  a 
roup  were  tested  with  one  block  -first,  the  ether  hal-f  with  the  other- 
lock  first.  Hence,  the  aesign  of  this  experiment  was  a  2x3 
factor-  a1,  with  referential  deuice  ( anaphor- 1  c-DEF ,  themat  i  c-DEF.)  and 
referential  distance  ‘:i,10,20  clauses;  as  repeated  measures. 

iHs  before,  probes  were  presented  with  the  nouns  of  the  critical 
f-Moun  phrases.  Control  probes  were  presented  at  pseudorandom  locations 
I'll  thin  sortie  of  the  passages.  The  number  of  control  probes  uar-ied  frorti 
0  in  the  shortest  passages  to  3  in  th.  longest.  True/false  questions 
were  prepared  and  administered  to  the  subjects  to  test  their 
compr ehens i on  of  the  5tor,es. 

3 . H . ;  .  2  .  Subjects 

Thirtv-six  subjects  were  recruited  from  the  same  pool  as 
descr.bed  abo'^e ,  subject  to  the  same  conditions  outlined  aboue . 

!  .  -1 .  !  .  3 .  Procedure 

^ne  sartie  procedure  was  used  here  as  in  Experiment  1,  except  that 
the  subjects  pressed  the  " key  on  the  computer  ke'/board  to  respond 
tc  probes.  Stimulus  presentation  and  data  collection  were  controlled 
b-  ar  eipj  e  lie  computer  srsterti. 

: . 4 . 2 .  Results 

Comprehension  test 

’he  sub.ec's  mear.  percent  correct  on  tne  -emprehens  i  on  test  las 
a;ai'  cemon  s  tr  a  t  /  ng  that  they  •‘ol  lowed  >  nstruc  t  >  on  s  and 
oe' s  t  00 d  the  stor , es  . 

3. 4. 2. 2.  Probe  reaction  time 

"lec-an  probe  reaction  times  for  the  e  ;per  in-ienta!  cor.dit  ons  as 
'■e'  ?s  or  control  i  terris  are  giien  .  n  '^abie  -'ll,  belo-u.  Tne 
e  -  pe  r  i  Tien  t  a  1  conditions  snow  a  weai',  U-snaoed  pattern,  with  a  d.p  in 
the  FI's  *or  the  IC-clause  distance.  This  is  essent.ally  the  control 
probe  pattern,  to  which  the  anaphor i c -OEF  noun  pattern  conforms  rather 
ci-sel/.  The  pattern  ;=  similar  though  a  bit  more  pronounced  for  the 
t n ema  t ■ c -C  EF  n cun s . 


3.4.  Experiment  4 


3.4.1  .  Method 

3. 4.1. 1.  Materials  and  design 

This  experiment  compared  the  behavior  ot  de+'inite  nouns  --  eithe 
anaphoric  or  thematic  —  at  three  re-feren  t  i  a  1  distances:  1  clause,  IC 
:;auses  and  20  clauses.  As  in  Experiment  2,  the  test  passages 
introduced  one  character  at  the  beginning.  In ten/en i ng  material  ot 
varying  length  tnen  dealt  with  the  setting  and  related  matters,  but 
avoided  mentioning  the  character.  Finally,  the  ending  eit.ner 
mentioned  tne  character  again  (anaphor i c-DEF  noun),  or  alternatively 
introduced  a  second  character  that  was  highly  stereotyped  given  the 
particular  scene,  and  thus  thematically  predictable  < themat i c-OEF 
noun..'.  A  sample  story  -frame  can  be  seen  in  k?)  below. 

'Ti  Sample  test  passage  -for  Experiment  4 

1  “Ui-rtUoE  distance  OPENING: 

The  woman  waited  patiently  near  the  counter.  The  shop  was  almost 
empty  and  nobody  seemed  to  notice  her... 

lO-C-LAUSE  DISTANCE  ADDITION:  It  was  a  large  store  witn  many 
departments  spread  along  the  cavernous  Floor  space  oF  three  main 
levels.  The  time  was  early  in  the  aFternoon  on  a  Ncnday  m  late 
spring,  and  nobody  seemed  to  be  moving  around.  On  weeKends  the  store 
was  always  cackaa  with  hoards  oF  bargain  shoppers  milling  in  the 
aisles.  Holding  sale  coupons  in  hand,  and  craning  them  necks  in 
search  ct  that  special  deal  that  was  somehow  always  two  counters  awa/ 
or  so  I t  seemed . . . 

20-CLAL!SE  distance  ADDITION: 

The  store  was  part  oF  a  chain  that  sprang  up,  seemingly  i  nstan  1 1  ,  in 
iimcst  every  snopping  center  oF  suFFicient  size  in  the  burgeoning 
suburbs  ot  b-g  towns.  It  specialized  in  high-volume,  mec i um-pr i ced 
merchandise.  The  same  national  company  always  seeitied  to  submit  the 
successFul  bio.  Nith  standardized  merchandise  and  sync  hr  or, ceo  sales 
it  was  a  shopper  5  paradise  wherever  ,t  was  located... 

anaphoric-definite  ENDING: 

The  *woman  took  out  her  corripact  and  touched  up  her  hair. 
THEMaTIC-DEFINITE  ENDING: 

The  -tsalesman  Finally  came  over  and  asked  her  what  she  was 
looking  For. 

There  were  twelve  test  stories,  each  with  six  versions.  Subject 
read  two  versions  oF  eacn  story  Fr.ame,  and  in  addition  six 
raturalistic  Filler  passages  taken  From  a  current  novel.  There  i.are 
three  stimulus  lists  consisting  oF  an  equal  number  o-^  caragraphs  in 
each  cohdit’o.n.  The  lists  were  divided  >nto  two  blocks,  each  clrci- 
corta.hir,  j  o.-,  I,-  one  '.'ersion  ot  a  test  story.  Across  sub^-ects,  r-.s 
stories  appeared  an  equal  nurriber  oF  times  across  in  each  conoiticr. . 


I  L  .  1.1  *.,  ■  <%  I  I  j|  .9\W<}W 


i-f  one  accepts  the  e;i<p  1  anat  i  on  o-t  the  inordinately  high  probe  RT 
tor  the  1 -clause  distance,  then  the  results  oi  the  probe  RT  measure 
here  replicate  and  extend  the  trend  observed  in  Experiment  1  (see 
Figure  I ) . 

3. 3. 2. 3,  Keypress  times  tor  probed  words 

The  keypress  times  tor  this  experiment  are  given  in  Table  '31  and 
represented  graphically  in  Figure  v',  below. 


TABLE  'v'l  :  Mean  Keypress  Times  tor  Pronouns 

at  Ditterent  Retsrentiai  Distances 


REFERENTIAL 

DISTANCE 

ri-2 

WORD 

n-l 

POSITION 

n 

nt  1 

n  +  2 

1  -c  1 

3 1  6 

335 

499 

524 

340 

5-cI 

305 

350 

553 

470 

373 

10-cl 

304 

33? 

547 

456 

341 

15-cl 

343 

425 

650 

491 

3o6 

20-0! 

320 

407 

643 

443 

36  i 

control  probe 

328 

325 

519 

523 

357 

the  pattern  ot  peak  keypress  times  tounc  tor  pronouns  in  this 
e.oe-iment  is  similar  to  the  one  tour.d  tor  pronouns  in  Experiment  1.  ' 
~nat  ;s.  tne  longest  press  time  is  tor  the  probec  woro  '.n.'.  Also  as 
in  El' peri  merit  1,  the  longest  press  time  tor  control  items  is  tor  the 
wonc  to i 1 ow I ng  the  probed  one  (n+l).  More  impor t an t ■ y ,  a  clear  ettect 
ot  reterentia!  distance  on  processing  time  is  c . seer n i b I e :  increases 
in  reterential  distance  produce  increases  in  the  peak  keypress  t  irtie 


tor  the  probed  i 

terTi.  At  the  short  1 -clause 

dis 

t  a 

nee  the 

increase  in 

-e-Drejs  time  at 

n’  IS  not  as 

great  as  tor 

the 

C 

and  1C 

-c 1 ause 

=■  *  r.  T!  C  €•  =■  ,  ('jri  -  C  n 

in  turn  is  n c t 

as  great  as 

tne 

■ 

r:  C  ^  e  it  5-  e 

tor  tne  IC 

ri'C  d; 

stances.  These 

groupings  con to 

r  5  u  h  p  r 

closely  1 0 

tne  proDe  reaction  tiities  reported  above  (with  the  exception  ot  the 
1-c':  distance,  discussed  there). 

The  statistical  analysis  snows  that  the  mam  ettects  are  both 
s :  gn  1 1 1  cant :  tor  reterential  distance  'iF  '.5,10'  =  7.2w;  p  < 
and  tor  word  position  vF  (10,20)  =  49.1?;  p  \  0.001;.  The 
interaction  between  reterential  distance  a.nd  word  position  is 
s ; gn 1 1 1  can t  (F  (30,100)  =  3.90;  p  \  0.001  . 


a  1  sc 


TABLE  Mi  Median  Prcbe  Reaction  Time  tor 

Pronouns  at  Di  t-ferent  Re  +  erentia’ 
D I  5  tances 


CONDITION 

RT 

1 -c 1 ause 

683 

5-cl ause 

626 

I 0-c 1 ause 

617 

1 5-c 1 ause 

634 

20-c 1 ause 

691 

Control  probes 

654 

he  proDe  reaction  times  are  presented  graphically  in  Figure 
e  I  ow . 


FIGURE  IV!  Median  ProDe  Reaction  Time  -for 

Pronouns  at  Di+'-ferent  Re-ferential 
D i stances 
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■for  each  paragraph  in  a  stimulus  -file,  was  prepared  and  administered 
to  the  subjects  in  order  to  make  sure  that  the/  read  and  understood 
tne  stories. 

3.3.1 .2.  Subjects 

Thirty-six  individuals  who  had  not  participated  in  any  previous 
experiment  were  recruited  -from  the  same  subject  pool  as  above,  with 
the  same  conditions  applying  ’;see  above). 

3.3. 1 .3.  Procedure 

The  same  procedure  was  -followed  as  in  the  previous  e-xperiment, 
except  that  the  subjects  did  not  use  the  space  bar  c-f  the  computer  to 
press  -for  the  presentation  o-f  words.  Instead  they  used  a  key  located 
to  the  le-ft  o-f  the  computer.  As  be-fore,  they  used  a  separate  key  with 
the:r  rignt  hand  to  respond  to  the  probes. 

3.3.2.  Results 

3. 3. 2.1.  Comprehension  test 

The  subjects"  mean  oercent  correct  on  the  comprehension  test  was 

■?i;.. 

3. 5. 2. 2.  Probe  reaction  time 

Tre  means  o-f  the  subjects'  median  probe  reaction  tirties  I'jere 
calculated  ana  are  given  in  Table  U,  below.  A  "U-shaped”  pattern  is  ' 
e-.dent,  with  slew  R''' s  at  the  shortest  distance  (I  clause),  faster  RTs 
at  the  medium  distances  (5  and  10  clauses),  anc  slower  times  aga'n  at 
the  long  distances  'il5  and  20  clauses).  This  main  effect  of 
referential  distance  was  statistically  significant  tF'.5,165)  = 

4.16,  p \ , 0  0  2 )  . 

If  pronouns  are  miore  efficient  grarrimat  i  cal  devices  for  Signalling 
ccreference  over  snort  distances,  then  one  might  have  expected  tne 
1 -clause  distance  to  produce  a  short  ratner  tnan  a  long  probe  r,~ . 

This  would  have  resulted  in  a  monotcnic  .ncrease  .n  RT  with  increasing 
referential  distance,  rather  than  the  U-shaped  pattern  vjhicn  we 
observed.  The  unexpectedly  high  RT  at  the  shortest  referential 
distance  may  be  a  result  of  the  probe’s  position  early  in  tne  story. 
Tnis  explanation  is  supported  by  an  analysis  of  the  PTs  for  control 
probes  presented  early,  in  the  middle  or  late  in  the  passages.  This 
analysis  revealed  longer  RTs  for  probes  presented  early  in  the  stor-.' 
frames  \w63  msec.),  and  shorter  RTa  for  probes  presented  in  the  mndcle 
■iiii  msec.)  or  late  (606  msec.)  parts  of  frames. 


■A 


v6)  Sample  test  passage  -for  Experiment  3 

FRAME  OPENING: 

Tne  restaurant  was  just  about  full  when  THE  MAN  arrived.  Everybody 
was  dashing  about  madly,  too  busy  to  notice  him. 

FRAME  ENDING: 

*He  waited  patiently  for  his  turn. 

i -CLAUSE  REFERENTIAL  DISTANCE: 

[Text  as  above  (opening  ending)] 

LONGER  REFERENTIAL  DISTANCES: 

[text  inserted,  cumulatively,  before  ending] 

5-CLAU3E: 

It  was  late  on  a  Friday  night,  a  time  favored  by  the  after-snow  crowd 
A'i  i  the  tables  were  packed  with  hungry  patrons.  The  waiting  line 
threaded  around  like  a  coiled  snake,  and  the  noise  from  the  kitchen 
was  deafen i ng  . .  . 

I  0-CLAUSE: 

The  temoerature  in  the  main  dining  room  must  have  reached  ninety.  It 
was  late  in  the  summer,  and  the  air  conditioning  seemed  to  have  given 
cut.  The  faces  in  the  waiting  line  were  glistening  with  sweat,  and 
many  of  the  ladies  had  pulled  their  skirts  up... 

15-clause : 

The  lights  were  dimmed  discreetly,  coming  from  oehind  thick  matted 
glass  panels  near  the  ceiling.  The  decor  was  basic  continental  with 
theatrical  posters,  live  flowers  and  checkered  table  clothes... 

iu -CLAUSE : 

People  kept  coming  in  and  joining  the  line,  some  in  pairs,  others  in 
’arge  groups,  and  a  few  alone.  The  lobby  was  getting  more  and  more 
crowded.  The  line  twisted  back  over  itself  and  eventually  spilled  ou 
into  the  street... 

The  five  different  versions  of  the  stories  were  divided  into 
three  stimulus  lists.  Each  list  contained  two  versions  of  each  story 
and  an  equal  nuiTiber  of  paragraphs  of  each  length.  Each  subject  saw 
only  one  list,  so  that  within  and  across  subjects  each  referential 
distance  was  tested  an  equal  number  of  times.  Thus,  this  experiment 
had  one  repeated-measure  variable  (referential  distance  of  1,5,10,15 
or  20  ciauses,!. 

Tne  exper  irtiental  probes  were  presented  with  the  anaphoric 
pronouns  at  the  end  of  each  test  frame.  Control  prooes  were  randomly 
distriDuted  throughout  the  story,  but  never  appeared  witnin  10  worcs 
of  the  probed  pronoun.  The  number  of  control  probes  varied  frorri  one 
n  tne  snorter  versions  of  the  frames  to  three  in  the  longer  versions 
Contrc;  probes  appeared  at  the  same  locations  for  all  subjects  tested 
with  the  same  list. 

A  sheet  consisting  of  20  true/false  comprehension  questions,  one 


i-'jere  introduced  as  i  nde-f  i  n  i  te  or  ■;  themat  i  c)  de-finite.  Nonetheless, 
they  were  treated  d  i -f -f  er  en  t  i  al  1  y  in  a  way  that  seems  to  be  Governed 
solely  by  their  grammatical  -form;  when  such  a  participant  was 
coded  with  the  indefinite  article  “a“,  the  longest  keypress  time 
occurred  on  the  noun  itself  CnJ,  just  as  it  did  for  pronouns 
'Experiment  1).  On  the  other  hand,  when  the  same  character  was 
introduced  with  the  definite  article  "the",  the  longest  keypress  time 
occurred  on  the  word  following  the  probed  item,  En+l],  as  it  does 
;n  the  case  of  anaphoric  definites,  which  are  also  marked  by  "the'. 

navi  no  identified  in  the  first  two  experiments  what  seems  to  be  a 
grammar-triggered  effect  on  the  press  times,  at  least  in  the  presence 
of  probes,  we  return  in  the  next  two  experiments  to  the  effecr  of 
referential  distance  on  the  processing  of  pronouns  and 
anaphor i c-def i n i te  nouns. 


3.3.  Experiment  3 

3.3.1.  Method 

3. 3. 1.1.  Materials  and  design 

The  story  frames  in  this  experiment  involved  a  single  character 
and  anaphoric  reference  employing  only  pronouns.  Ten  different 
stereotyped  story  frames  were  used,  each  with  five  variants  that 
differed  from  each  other  primarily  in  the  referential  distance  between 
the  last  prior  mention  of  the  participant  and  the  subsequent  raffr-fnce 
to  t  0/  a  pronoun.  The  filler  clauses  between  the  prior  mention  and 
the  subsequent  pronominal  reference  introduced  only  general 
descriptions  of  the  scene  and  surrounding  circumstances.  These 
descriptions  were  all  highly  stereotyped  and  deliberately  stayed  away 
from  the  main  character  itself  or  his/her  point  of  'new.  Tne 
referential  distances  tested  were  1,5.10,15  and  20  clauses.  The  last 
sentence  in  the  text  always  began  with  the  coreferent  pronoun,  itself 
tne  locus  of  the  probe,  as  in  previous  experiments.  A  saiTiple  text 
frame  for  this  experiment  is  given  in  'li)  below. 


3.i. 1  .3.  Procedure 

The  same  procedure  was  used  in  this  experiment  as  in  Experiment 

I  . 


3.2.2.  Results 

3. 2. 2.1.  Comprehension  test 

The  subjects'  mean  percent  correct  on  the  comprehension  test  was 

33/.. 

3. 2. 2. 2.  Probe  reaction  time 

The  means  □+'  the  subjects'  median  reaction  times  to  the  uisual 
probes  in  each  condition  are  given  in  Table  III,  below.  The  RTs  are 
■fastest  -for  tne  anaphoric  DEF-nouns  and  slowest  -for  the  IN&EF-nouns , 
but  none  o-t  the  di+Ferences  are  stat  i  st  i  cal  i  s  i  on  i  +  i  can  t . 

TABLE  IV:  Median  Probe  Reaction  Time  For 
IndeFinite,  Anaphor i c-DEF ,  and 
Thematic-DEF  Nouns 


CATEGORY 

RT 

INDEF 

624 

Anaphor i c-DEF 

605 

Themat i c-DEF 

61 3 

Control  probe 

622 

3. 2. 2. 3.  Keypress  times  For  probed  words 

The  mean  keypress  times  i  r  msecs.’  across  sub.jects  For  anaphoric 
[’EF-no’jns,  thematic  DEF-nouns  and  INDEF-nouns,  as  well  as  For  tne  two 
words  directly  preceding  and  Following  them  in  the  text,  are  given  in 
Table  iV,  below,  and  represented  graphically  in  Figure  III,  below. 


TABLE  IV:  Mean  Keypress  Times  For  IndeFinite, 
Anaphor I c-DEF  and  Thematic-DEF  Nouns 


CATEGORY 

n-2 

n-l 

n 

n-t  1 

r.  +  2 

INDEF 

267 

271 

433 

333 

275 

ANAPhORIC-DEF 

264 

233 

364 

w*'  t  ^ 

J  V  8 

2''0 


THEMATIC-DEF 


268 


277 


404 


423 


was  described  entering  into  a  scene  in  the  first  sentence.  The  next 
1-3  sentences  described  the  character's  progress  through  the  scene  in 
a  rather  stereotyped  fashion.  The  final  sentence  then  began  with  one 
of  the  following  three  referential  devices: 

<a)  Anaphor i c-DEF  noun;  The  (identical)  noun  which  introduced 
the  single  character  at  the  beginning  of  the  frame; 

(b.)  Themati  c-DEF  noun;  A  second  character,  highly  predictable 

from  the  themati cs  of  the  frame,  introduced  as  a  DEF-noun  (thus 
having  the  same  grammatical  form  as  (a); 

'.c)  I  ndef  i  n  i  te  noun :  The  sarnie  second  character  as  in  (b>,  but 
here  introduced  as  an  indefinite  noun. 

Each  of  the  twelve  experimental  story  frames  used  in  this  experiment 
appeared  equally  often  across  subjects  in  all  three  conditions.  A 
sample  frame  is  given  in  (5)  below. 

(w)  Sample  text  passage  for  Experiment  2: 

"The  restaurant  was  just  about  full  when  THE  MAN  arrived. 

Everybody  was  dashing  about  too  busy  to  notice  him... 

(a.'  Anaphoric-  DEF  ending:  ...The  *man  waited  patiently  in 

the  corner " . 

<b>  Thematic-DEF  ending;  ...The  ^waitress  came  over  finally 

and  gave  him  the  menu". 

(c)  INDEF  ending:  . . .«  #wai tress  came  over  finally  and  gave 

him  the  menu". 

In  addition  to  the  twelve  experimental  text  frames,  ten  filler  texts 
of  equal  length  (but  different  in  structure)  were  also  given  to  the 
suDjects. 

The  different  versions  of  each  story  were  divided  .ntc  two  lists 
so  that  two  versions  of  each  story  were  on  a  list.  Each  list  was 
spilt  into  two  blocks  so  that  one  version  of  each  story  was  in  each 
block.  Five  stories  in  each  block  were  filler  paragraphs.  Subjects 
were  randomly  assigned  to  one  of  two  groups,  each  group  being  tested 
with  only  one  list.  Half  of  the  subjects  in  each  group  were  tested 
with  one  block  of  the  list  first  and  the  other  half  were  tested  with 
the  other  block  first. 

Experimental  probes  presented  with  the  nouns  of  the 

referential  noun  phrases  in  the  last  sentence  of  each  paragraph.  Half 
of  the  paragraphs  had  an  additional  control  probe  presented  at  a 
pseudor andoml y  chosen  location  early  in  the  paragraph.  Booklets  with 
a  true'false  comprehension  question  corresponding  to  each  paragraph  in 
a  list  i.'iere  prepared. 

3.2.1 . 2 .  Subjects 

Twenty-four  subjects  were  recruited  from  the  same  subject  pool 
used  in  Experiment  1,  with  the  same  provisos  as  to  their  nat.ve 
.anguage,  vision,  reading  status  and  pay.  None  of  the  subjects  had 
participated  in  Experiment  1. 


Prode  reaction  times  for  control  items  and  the  ke, -press  times 
around  these  items  were  also  analysed.  The  mean  of  subjects''  median 
probe  reaction  times  was  620  msecs  ‘liable  I),  longer  than  the  RTs 
observed  in  any  condition  except  pronouns  at  tne  S-clause  referential 
distance.  The  difference  was  reliable  for  DEF-nouns  'IFvl,!!)  = 

21.34,  pl.OOl),  but  not  for  pronouns  <F<1).  The  control  probe  RT 
was  significantly  longer  than  the  RT  for  probed  anaphoric  de'v'ices  at 
the  1-clause  referential  distance  'IF':!, 11)  =  11.65,  p<.006),  but 
not  at  the  S-clause  referential  distance  'IFtl.).  The  relatively 
long  probe  PTs  for  control  itemis  may  reflect  tneir  earlier  positions 
in  the  passages  compared  to  anaphoric  probed  items.  Since  the 
controls  constitute  a  di'verse  set  of  lexical  items,  we  are  hesitant  to 
interpret  absolute  differences  between  these  items  and  the  anaphoric 
items  unoer  study.  The  pattern  of  resDonse  times  to  control 
items,  however,  has  proved  useful  in  discerning  general  effects  in 
both  the  probe  RTs  and  keypress  times. 

The  longest  keypress  timie  for  the  control  probes  was  on  the  word 
following  the  probed  itemi  Cn+ll.  This  is  the  pattern  tnat  was  founo 
for  DEF-nouns.  However,  when  the  keypress  times  for  the  prcbec  ; tern 
and  the  word  preceding  and  following  it  is  compared  across  pronouns, 
DEF-nouns  and  the  control  items,  no  significant  differences  are  founa. 

It  might  be  argued  that  the  significant  one-igord  shift  in  the 
location  of  the  peak  keypress  time  for  probed  DEF-nouns  'las  compared 
witn  probed  pronouns)  may  simply  be  due  to  the  fact  that  nouns  are 
phono !  og  i  cal  1  y  '.here  graphemi  cal  1  y)  longer  than  pronouns,  and  thus 
take  longer  to  encode  before  the  processing  of  coreference  occurs. 

The  next  experiment  was  designed  to  investigate  such  a  possibility. 


5.2.  Experiment  2 

3.2.1.  Method 

3. 2. 1.1.  Materials  and  design 

■^he  story  frames  for  this  exceriment  were  rather  short  and 
.r.uclvea  no  mian  i  pu  1  at  i  on  of  referential  distance,  m  sinole  charact? 


inaphor  i  c-DEFs  contrasts  with  the  keypress  times  -for  control  items  at 
[n+1],  which  show  the  same  U-shaped  pattern  we  observed  in  the  probe 
RTs. 

For  thematic-DEF  nouns  the  pattern  in  this  experiment  is  less 
consistent.  For  the  lO-clause  distance,  the  peak  keypress  time 
appears  on  [n+1]  as  in  Experiment  2,  but  at  the  1  and  20  clause 
distances,  the  peak  vaypress  time  occurs  on  Cn]. 

Cueral 1 ,  the  keypress  times  collapsed  across  word  position  and 
type  o-f  re-ferential  device  were  FASTEST  at  the  10-clause  re-ferential 
distance,  SLOWEST  at  the  1 -clause  distance,  and  intermediate  at  the 
20-ciause  distance  'ithus  exhibiting  the  U-shaped  curve  shown  in  the 
control -probe  results).  Collapsed  across  re-ferential  distance  and 
word  position,  keypress  times  were  SLOWER  -for  thematic-DEF  than  -for 
anaphor i c-DEF  nouns. 


FIGURE:  VI  Mean  Keypress  Times  -tor  Anaphoric 

DEF-Nouns  at  the  [n-i-lj  Word  Position  at  1, 
10  and  20-Clause  Re-ferent  i  al  Distances 


w 
c 

S' 

CO 

S 

CO 

s 
E 

•r** 

a- 

CO 
CO 

T 

1-clause  10-clauses  OO-clauses 

REFERENTIAL  DISTANCE 


A  2  (type  of  referential  device)  by  3  (referential  distance.'  by 
i;  (word  position.)  repeated  measures  analysis  of  variance  of  the  mean 
-eypress  times  for  the  probed  words  and  the  5  words  directly  preceoin 
i.'c  following  them  revealed  a  significant  main  effect  of  referential 
distance  (F'?,20)  =  3.26,  p<.05),  with  mean  RTs  of  411,  37o)  anc 
393  msecs.,  respectively,  for  the  1,  10  and  20  clause  distances.  Ma 
effects  of  refe'-ent  i  al  device  (P',1, 35.'  =  7.5,  pf.Ol./,  reflecting 
the  longer  RTs  for  theiTiat  i  c-DEFs  than  for  anaphor  i : -DEFs ,  and  of  wior  d 
position  .5’'10,350  )  =  1  6.54,  p-.O!',  refiecting  tne  generally 
increased  RTs  around  probed  items,  were  also  found.  There  was  a 


marginally  signi  +  icant  Interaction  ot  re-ferential  deuice  ana 
ratarential  distance  <F<2,70)  =  £.45,  p<.0S),  suggesting  that 
themat  i  c-DEFs  were  slcHwer  than  anaphor  i  c-DEFs  only  at  the  1-clause 
distance  (70,  9  and  2  msecs,  di  i-ference  at  each  distance, 
respectively).  Significant  interactions  between  referential  distance 
and  word  position  (F(20,700)  =  2.05,  pt.OOS),  as  well  as  between 
referential  device  and  word  position  <£(10,350)  =  2.20,  p<.02) 
were  found.  The  interaction  between  referential  device  and  word 
position  reflects  the  peak  keypress  time  for  anaphor i c-DEFs  at  Cn+1], 
and  the  tendency  of  the  peak  keypress  time  for  themti c-DEFs  in  this 
experiment  to  be  at  Cnl.  However,  this  interaction  was  qualified  by 
the  three-way  interaction  between  referential  device,  referential 
distance  and  word  position  (£(20,700)  =  1  .92,  pt.Ol,),  reflecting 
the  fact  that  the  peak  keypress  time  at  the  lO-clause  distance  was  at 
[n+n  for  both  anaphoric-  and  themat i c-DEFs . 

2.5.  Experiment  5 
3.5.3.  Method 

2.5.1.  Materials  and  design 

In  this  experiment  we  compared  two  referential  devices  (anaphoric 
DEF-nouns  and  pronouns)  at  two  referential  distances  (1  ana  12 
clauses.!.  Ten  different  story  frames  were  used,  each  introducing  two 
characters  (one  male  and  one  female)  early  in  the  discourse,  rts  in 
Exoeriment  1,  the  next  segrtient  of  the  story  continued  to  deal  wtn  tne 
second  character  onl.  .  The  final  sentence  then  referred  to  either  of 
tne  two,  either  oy  pronoun  or  anaphor i c-D£F  noun,  rt  sample  text 
cassaoe  can  be  seen  in  (3.'  below. 


'3;  Sample  test  passage  tor  Experiment  5 

'I'he  woman  entered  tne  waiting  room  trailed  by  her  +  i  ue-year-ol  d  boy. 

He  immediately  proceeded  to  jump  on  the  couch  and  bounce  on  it 
energetically.  It  -felt  nice  and  so+t.  He  bounced  Higher  and  higher, 
looking  about  him  in  glee.  It  was  going  to  be  quite  an  adventure,  he 
could  tell,  with  all  these  new  things  around  him;  such  excitement  with 
objects  to  take  apart.  What  sheer  -funl  He  turned  his  attention  to 
the  window,  surveying  through  its  wide  pane  the  parking  lot  three 
tloors  below.  Mow  here  was  a  real  challenge.  A  ledge  he  could  climb 
onto.  wT:  adventure  waiting  -for  him  right  there... 

: -CLAUSE  DISTANCE  ENDINGS: 

PRCtiCUN:  ^He  clambered  onto  the  windoiwsill  and  -fiddled  with 
t  ,h  e  latch. 

DEF-r.'C'UN :  The  ♦boy  clambered  onto  the  windowsi’l  and  -fiddled 
w  t  h  the  latch. 

:2-ClaUS£  distance  ENDINGS: 

PRONOUN:  ♦She  stepped  over,  leaned  -forward  and  sa  i  d  some  th  i  ng 
in  a  hushed  V'  o  i  c  e  . 

DEF-NOUN:  The  ♦woman  stepped  o-jer,  leaned  forward  and  said 
something  in  a  hushed  voice. 

In  this  experiment  we  controlled  for  the  arriount  of  information 
oresentea  ,n  a  trial  before  an  item  was  probed,  thus  the  passages  were 
all  of  equal  lenotn.  There  were  four  versions  of  each  story,  div-dea 
iPi'd  two  stimulus  lists.  Each  list  contained  an  equal  nurriber  of 
passages  in  each  condition.  Each  subject  was  given  only  one  of  the 
i^sts.  Thus,  stories  appeared  an  equal  number  of  times  in  each 
condition  across  subjects.  As  in  the  previous  experiments,  true/faise 
comprehension  questions  were  prepared  for  each  story. 

The  test  probes  were  presented  either  with  the  pronoun  or 
anapnor I c-DEF  noun  in  the  last  sentence  of  each  passage.  Two  to  tnree 
control  probes  were  also  inserted  i n  each  passage,  with  the 
restriction  that  they  not  appear  any  closer  than  'lapprox.;  20  words 
from,  the  probed  anaphoric  item. 

3.5. 1  .2.  Subjects 

Eighteen  subjects  were  recruited  from  the  same  pool  as  described 
above,  subject  to  the  same  conditions  outlined  above. 

3 . 5 . 1  . 3 .  Procedure 

The  procedure  used  in  this  experiment  was  the  same  as  in 
Experiment  4,  above. 


.2.  Results 

.2.1.  Comprehension  test 

The  subjects'  mean  percent  correct  on  the  comprehension  test  was 

.2.2.  Probe  reaction  time 

The  median  probe  reaction  time  tor  pronouns  and  DEF-nouns  at  the 
lause  ard  l2-clau5e  referential  distances  are  giuen  in  Table  IX, 
cw . 

TABLE  IX:  Median  Probe  Reaction  Time  tor  Pronouns  and 
Anaphoric  DEF-nouns  at  1  and  12  Clause 
RePerentia!  Distance 

referential  distance 


CONDITION 

1 -CLAUSE 

12-ClaU 

Pronoun 

619 

DEF-noun 

645 

60  7 

results  are  eiipressed  gr-Aph'tciy::-  in  Figure  VII,  be’cn.  For 
-nouns,  probe  RT  is  Paster  at  the  12-Ciause  distance  than  at  tne 
’ause  distance.  For  pronouns,  probe  RT  is  slower  at  tne  l2-c:ause 
tarce  than  the  l-dause  distance.  These  results  replicate  those 
aired  tor  1  and  5  clause  distances  in  Experiment  1  ■,  see  Figure  I . 
tistica:  analysis  oP  the  probe  RT  results,  however,  indicates  that 
e  oP  tne  diPPerences  reached  s i gn i P i cance  <£  s  <  1  tor  the 
ects  oP  rePerentia’  distance  and  rePerentiai  cevice,  and  tor  their 


J-IGURE  V 1 1  :  Median  Probe  Reaction  Tiirie  tor  Prono-ns 

and  Anaphor  i  c-DEF  .Nouns  at  J  ar.a  12  Clause 
Reterential  Distance 


.'.C.C.:.  Keypress  times  tor  probed  words 
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T"e  results  ot  the  Ke/press  times  rcr  the  var.'Ous  cor.ci 
■'en  ;n  TaO'e  •< ,  below,  ms  betore,  probed  pronouns  snow  th 
'S. press  t  xe  or.  the  prooed  item  itselt  [nj,  and  the  prcoe  ^ 
readinq  ti.iies  is.  as  before,  much  more  pronounced  ‘nan 
ar.  a:  her  .  c -DE-  r.ouni,  In  this  e-.per  imen  t ,  however,  the 
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ect  tor  pronouns 
he /press  time  at  ^nj  ./jas  rot 
the  1 -c ■ au  se  distance. 

For  DEF-ncuns,  the  results  are  somewhat  mi^ed. 
duplicated  here  the  results  of  the  relevant  previous 


ons 

he  P  e  a  I-, 
e  t  r  e  c  ■“ 

M  i  t  h 

rete'ert'al 
the  peaK, 
stance  than 


ar  e 


vie  have 
exper iments 

concerning  the  location  o-f  the  peak  keypress  tiirie  -for  the  1 -clause 
distance,  but  not  tor  the  12-clau5e  distance,  where  the  press  time 
peak  appears  instead  on  the  probed  item,  rtlso  duplicated  are  the 


ke/press  values  tor  DEF-nouns  than  tor  pronouns.  Finally, 
the  Ke/press  times  ot  both  [n]  and  Cn+1]  are  combined,  the  total 
procesr.ng  time  at  the  12-clause  referential  distance  is  shorter  t 
at  the  1-clause  distance. 

"^he  results  of  this  e/per  irrient  may  also  be  expressed  by  combi 
the  probe  FT  and  xp.p-ess  time  measures  at  in]  and  'inti],  tor  pron 
and  OEF-n.puns  at  each  referential  distance.  This  combined  express 
IS  plotted  graph'callv  in  Figure  '/lii,  below. 


when 

han 


r.  ,  n  Q 

dUh  s 
:  on 


i 


table  X: 

Mean  Keypress 

Times  -for 

Pronouns  and 
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Nouns  at  1  and 

12  Clause 

Re-ferent  i  al 

D 1  stance 

WORD 

POS I T I  ON 

CONDITION 

n-2 

n-1 

n  n  + 1 

n  +  2 

PRONOUN : 

1 -c 1 ause 

309 

403 

560  421 

290 

1 2-c 1 ause 

316 

307 

565  330 

338 

DEF-NOUN : 
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321 
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more  method  the  e-f-ficacy  ot  pronouns  us.  DEF-nour.s  as  soreterer*  a 
cevices  at  dif-ferent  reterentia)  distances. 

3 . * .  1  .  Method 

3.6.1.!.  Materials  and  design 

There  were  13  basic  story  -frames  in  this  experiment,  ail 
.ruGiuing  a  single  character.  A-fter  introducing  the  character  in  the 
f , s  *  clause,  -fi-.e  clauses  -followed  describing  the  scene  out  leauing 
the  character  out.  The  next  sentence  then  reinstated  the  character 
,.,th  either  a  pronoun,  or  the  identical  DEF-noun  used  to  introduce  it. 
The  probes  In  this  experiment  always  occurred  at  the  location  o-t  these 
reinstating  devices,  either  ;n  lieu  c-f  the  device  itself  or 
immediately  after  it.  In  half  of  the  stories,  the  introduction  of  the 
sincie  character  was  preceded  by  five  clauses  of  descriptive  iTiatenai 
in  order  to  vary  the  structure  of  the  passages. 

Rather  than  the  flashing  light  probe  used  in  previous 
exper  i  rrien  ts ,  in  this  experiment  the  probe  was  a  word,  appearing  at  the 
top  center  of  the  screen.  Upon  presentation  of  a  probe,  subjects  were 
tcl'd  to  decide  as  quIcXly  as  possible  whether  the  word  had  appeared  in 
the  story  and  to  indicate  their  decision  on  a  two-key  response  board. 
Correct  t -'>-*  =  ■'  ,>  probe  words  were  the  nouns  used  to  introduce 
charactar-s  initially.  Incorrect  ("no">  probe  words  were  nouns  used  to 
introduce  a  character  in  other  stories  in  the  stimulus  list.  The  two 
probe  types  appeared  with  equal  frequency  in  a  list. 

The  probe  words  were  presented  under  three  experimental 
cone  t ion  Si 

(a.?  Immediately  after  coreference  ''reinstatement,!  b  ■'  a  propricun: 
‘lb.!  Immediately  after  coreference  (reinstatement.!  by  a  DEF-r.  ou.-.  : 
‘C)  In  place  of  the  wore  that  would  nave  reinstated  the 
c.haracter  (no  reinstatement). 

A  samp.e  test  passage  can  be  seen  in  (9)  below. 

?i  Sample  test  passage  for  Experiment  6: 

Tr.i.  PLUMBER  brought  rriost  of  his  small  tools  into  the  house  before 
beginning  to  install  the  new  set  of  pipes.  The  shop  had  received  a 
Call  concerning  the  problem  early  that  morning.  The  garbage  disposal 
was  be.ng  replaced  when  the  wrenen  slipped,  causing  the  pipe  to  crack 
open  and  spew  out  bits  of  stale  water  and  corroded  mietal.  The  rouse 
was  at  least  seventy  years  old  with  historic,  as  well  as  sentimental, 
value.... 

ENDINGS: 

(a.!  '^ronoun:  He*,.. 

'b.‘  DEF-noun:  The  plumber*.,, 
c  ‘  Con  tr  0 1  :  *  .  .  . 

PRGBE  WORDS: 

-a.'  .^es  '  probe:  PLUMBER 
■b  no  p-pfce:  PRIEST 


;hree  stimilus  lists  i.jere  prepared,  consisting  o^f  twc  'viersions  o  + 
ri*'  stor,-  t'^ame  'a  yes  and  a  no'  probe  word  trial).  A  list  was 
presented  to  a  subject  in  two  blocks.  Each  subject  saw  only  one  list, 
ijb.ecti  were  assigned  to  three  groups,  each  group  tested  with  a 
difte-er,r  list.  Halt  ot  the  subjects  within  a  group  were  tested  with 
one  biccK  tirst,  the  other  halt  saw  the  other  block  first.  Across 
sjc.ierrs,  each  test  passage  appeared  an  equal  number  ot  times  in  each 
.::ndi*.on.  A  true/talse  comprehension  test  tor  each  story  was 
adm  :  r.  =  ter  ed  ,  as  in  the  preceding  experiments. 

i .  c . ;  .  ;  .  Subjects 

subjects  were  recruited  from  the  same  pool  as  described 
jbc'e,  subject  to  the  same  conditions  as  outlined  aboue. 

: . 0  . ! . ] .  Procedure 

"he  presentation  ot  test  passages  tol lowed  the  same  procedure  as 
1^  E -per  ..Tient  3,  aboue,  except  that  once  the  probe  word  had  been 
presented  and  the  response  obtained,  the  trial  was  discontinued. 

ijbjects  were  told  to  press  the  key  on  the  RIGHT  ot  the  response 
cparc  it  the  probe  word  had  appeared  in  the  passage  '.•'yes''  trial),  anc 
the  Ke,'  on  the  LEFT  it  the  probe  word  had  hot  appeared  in  the  passage 
no  trial  I.  At  ter  the  probe  reponse  had  been  made,  the  screen  went 
b'ank  and  the  subject  answered  a  true/talse  comprehension  question 
aoG'jt  the  passage  they  had  just  read.  Probe  RTs  and  reading  times 
•jere  measured  and  recorded  by  an  Apple  lie  computer,  as  aboue  . 

1.0.2.  Results 

3.0. 2.1.  Comprehension  test 

The  subjects  mean  percent  correct  on  the  comprehension  test  was 

3 o’. . 

2.0. 2.2.  Probe  reaction  time 

Subjects  median  response  times  \  i  n  msecs.)  to  the  'yes  and  no 
probe  words  in  the  three  conditions  '.pronoun  reinstatement,  DEF-noun 
reinstatement  and  control  'ino  reinstatement))  are  gruen  in  Table  /.I, 
below.  The  'yes'  probe  results  are  plotted  in  Figure  IX,  below. 
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TABLE  XI:  Median  Probe  Reaction  Time  tor 
Character  Reinstatement  with 
Pronoun  or  DEF-noun  and  -for 
Control  tMo  Reinstatements  Condition 
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CONDITION 

PRONOUN  DEF-NGUN  NO  REINSTATEMENT 
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23Cc 
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-■e  centre-:  ’--no  reinstatement-'..'  cone,  t  ion  displai-s  the  slo'-jest  RTs 
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cant  main  ettect  ot  reinstatement  condition  ''£(2,40.-'  = 

.04).  More  specifically,  the  ditterence  between  the  DEF-noun 
cement  and  the  no  reinstatement  condition  is  significant 
'  =  pi.  .02'.  However ,  the  results  -for  the  pronoun 

temer.  t  condition  are  equivocal:  the  difteience  between  the 
reinstatement  and  no  reinstatement  condition  is  not 


,  but  neither  is  the  c  ■ 
DEF-noun  r  e  i  ns  tatertient  ccnci 


re  tween  the 
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tibi 


me  referential  distance  effect 

second  major  rsiult  we  r.a'je  oDtained,  again  w  ‘n  sorrie  oegree 
variaDiiity  du:  nonetne’ess  cons  ‘  derao :  e  repiicatior.  is  t-e 
i+feri-,c  effect  of  referential  distance  on  :ne  process  ng  timie  for 
'■•onoons  ana  definite  nouns.  Sriefiy,  the  ei-fiCACy  of  def-nite  nouns 
or  i.naicat'ng  co-reference  is  LOW  at  the  minimal  referential  distance 
f  I  C'suse,  but  INCREASES  toward  5-10  or  15-20  clauses.  E;;act‘:.-  the 
pposite  IS  true  for  pronouns.  The  distribution  data  in  Table  XII 
Oove  pro-.,  ^de  a  natural  6;<p  1  ana*  i  on  for  this  cifference.  Pronouns  fine 
neir  antecedents  in  the  immediately  preceding  discourse 
nv  i  roomie  n  t  —  3o.2X  within  the  preceding  1-2  clauses.  As  grammat  ca’ 
lues  in  the  search  for  ccreference,  them  efficacy  is  thus  hignest  :n 
St  -ergs,  and  decreases  with  the  Increase  in  referentia'  distance, 
contrast,  only  26.7V.  of  definite  nouns  find  their  antececents 
thin  that  short  range.  Another  i7.3V  fine  their  antecedents  'vitnin 
e  preceding  3-3  clauses;  and  a  full  43.’f'V  find  no  core-feren:  witn  n 
e  rreceding  20  clauses.  As  grammatical  clues,  DEF-nouns  are  thus 
1-1  ■  “  i  ~  e  f  f  1  ■«  !  a  n  *.  at  the  u  —  c  *  a.  •-  s  e  m  >  n  i  rri  a  1  *  a  *  c  a  .  and  t  n  e  *■  e  t  *  '  c  a  c  i' 

ou  c  increase  at  longer  -jnges. 

we  find,  tnen,  f-at  referential  distance  oy  itse'f  --  and  thwS 
Tiory  decay  --  does  not  suffice  as  a  predictor  of  processing  time, 
then,  the  difficulty  of  achieuirq  coreference  is  iTiec  ated  by 
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